We investigate the J p = 1/2 − baryons in the octets based on flavor SU (3) symmetry. Since baryons with same quantum numbers can mix with each other, we consider the mixing between two octets before their mixing with the singlet. Most predicted decay widths are consistent with the experimental data, and meanwhile we predict two possible Ξ mass ranges of the two octets.
Introduction
The hypothesis of the approximate SU(3) symmetry of strong interactions proposed by Gell-Mann and Ne'eman 1,2,3 has been proved quite successful and fruitful in the classification of elementary particles. In this classification scheme, one can group the experimentally known strongly interacting particles with the same quantum numbers of spin and parity into various irreducible representations of the SU(3) group 4 . The assignment of baryons and mesons to definite SU(3) multiplets seems to be very satisfactory for the 1/2 + , 3/2 + baryons and 0 − , 1 − mesons. It also seems to be satisfactory for the particles with spin-parity 3/2 − , 5/2 − , 7/2 − , 5/2 + , 7/2 + and 2 + , but poor for 1/2 − and 1 + hadrons. It has been speculated that the mixing between multiplets might be useful for the interpretation to assign these particles to SU(3) multiplets 5 .
Recently, Guzey and Polyakov reviewed the spectrum of all baryons with mass less than approximately 2000-2200 MeV and catalogued them into twenty-one SU(3) multiplets 6 . That work can be viewed as an attempt to update Ref. 4 . In their paper, the masses for (N, Λ, Σ, Ξ) members of an octet are listed in a parenthesis. They introduced the mixing of the octet ( In this paper, instead of considering only one octet and one singlet mixing, we investigate the mixing between the two octets with J p = 1/2 − , which are (1535, 1670, 1560, 1620-1725) and (1650, 1800, 1620, , and then their mixing with the singlet Λ(1405). For the the small Γ Λ(1670)→N K , we still have to mix Λ(1405) with Λ(1670). However, we consider the effect due to mixing between the two octets. There are two main reasons for this. One is that particles with same quantum numbers from different unitary multiplets can mix with each other, the other is that this can decrease the mixing angle between the octet and the singlet, and enhance Γ N (1535)→N η and Γ N (1650)→N π . This renders the theoretical Γ Σ(1560)total in agreement with the experimental data. Therefore, we try to mix the two octets first, and then mix the mixed Λ(1670) state with Λ(1405).
Decay widths and coupling constants
For the decay process of a baryon B * to a baryon B and a pseudoscalar meson M
the calculation of decay widths can be performed in the framework of RaritaSchwinger formalism. The parity-conserving Lagrangian of B *
where Ψ is the J p = 1/2 − field, Φ is the J p = 1/2 + field, φ is the pseudoscalar meson field. Meanwhile, the Lagrangian of B *
where the factor 1/m π is introduced to make the coupling constant g B * BM dimensionless. Accordingly, the decay widths are written as where g B * BM is the physical coupling constant and P cm is the c.m. momentum of final particles. In terms of the baryons masses m * B , m B and the meson mass m, we have
In order to calculate the partial decay widths, we must know the physical coupling constant g B * BM , which needs not only computing the Clebsch-Gordan coefficient among the SU(3) irreducible representations of B * , B and M, but also computing mixing of two octets and singlet.
To derive the physical coupling constants, we first denote the physical states as . Then, we introduce the mixing between the two octets. We assume that the mixing angles of different baryons in the two octets are different, i.e., the angles are δ, θ, β, γ for N, Λ, Σ, Ξ, respectively. Since the physical states can be written as linear superpositions of the bare states, the physical states |N 8 ,
Therefore, the coupling constants of Ns after two octet mixing are
where g B * 0 BM is the SU(3) universal coupling constant, g B * BM is the physical coupling constant of mixing. The physical states of Σ, Ξ have the same form as N. However, Λs are special, the couplings after mixing with octet are
where Λ(1670) represents a middle state. And then, we introduce the angle ξ to mix the mixed state Λ(1670) with Λ(1405) and can get the coupling constants of physical state Λ(1670) and Λ(1405)
In these physical coupling constants, there are 12 parameters, which are five mixing angle parameters (δ, θ, β, γ, ξ) and 7 coupling parameters (α, A 8 , A 10 , Therefore, we use some experimental decay widths of baryons to adjust the parameters of coupling constants, then use these parameters to calculate all decay widths. If the calculated decay widths are consistent with or closer to the experimental data, it supports the feasibility of considering mixing between octets.
Mass
We denote the bare masses of baryons as N 
The bare masses of the two octets are 5
A consequence of Eq. (11) is the Gell-Mann-Okubo (GMO) relation for octet masses
The physical masses can be obtained from the diagonalization of the matrices
Take the special Λ for example, which mixes twice. The first is the Λ 
For simplicity, we use Λ instead of |Λ to denote the state. We write the bare states from the physical states using the mixing of 3×3 matrices as follows: Using (13) and (15), we can get the result 
Meanwhile the physical masses of other baryons are 9
where
From (17), (18), we get a new relation among the baryon masses
For getting more information of Ξ, we need to know the parameters. However, there are 12 parameters (M 1 ,
Therefore we use the angles obtained from decay widths and physical masses to calculate the parameters
. Then, we can get all bare masses. Meanwhile, there is a relation
Using (18), (20), (21) and according to the experimental Γ Ξtotal , we predict the mixing angle ranges and the physical mass ranges of the two Ξ's.
Results
The detailed calculating processes are as follows. At first, we use the N and Λ experimental decay width data and the least square method to get the parameters
). Secondly, we use Σ width data to get β. Thirdly, we use the angles obtained from decay widths and physical masses to calculate the parameters 
According to the experimental Γ Ξtotal , we predict that the Ξ mixing angle range γ is between −36.0 • and −29.0 • , meanwhile, we predict that two possible Ξ mass ranges of the two octets are Ξ(1583-1649) and Ξ ′ (1831-1896). We list all results in Table 1 . Most predicted decay widths are consistent with the experimental data.
Discussions
In our results, most predicted widths are consistent with the experimental data. The predicted Γ N (1535)→N η and Γ N (1650)→N π become broader, which fit the experimental data. The theoretical Γ Σ(1560)total agrees with the experimental data. The mixing angle between the octet and the singlet is −34.9
• , which is smaller and in the range 15
• < |ξ| < 35 • 6 . It also predicts two possible Ξ mass ranges. However, the Γ N K Γ Σ(1385)π is lower. There are three reasons for this. One is that the coupling and the phase space of Γ N (1535)→∆π are both bigger than that of Γ N (1670)→Σ(1385)π ; the second is that the small Γ N (1535)→∆π (most 1.75 MeV) makes A 10 not large; and the third is that the mixing of two octets suppresses Γ N (1670)→Σ(1385)π by a factor 2.03.
We also have tried three possible ways to include the mixing. The first is just what we have done above, but to introduce same octet's mixing angles before their mixing with the singlet, the second is to consider only two octet mixing without their mixing with the singlet, the third is to consider the mixing of the octet with the singlet firstly and then consider the mixing between the two octets. However, we cannot find appropriate results which are consistent with all experimental data. So as an example, we only show the results from the first way, i.e., to consider the two octet mixing first, and then mix the mixed state Λ(1670) with Λ(1405). The results suggest that the octet mixing might be a feasible effect to improve the agreement between theory and experiments. However, it also suggests us that other mechanism and/or dynamical effects need to be introduced for a better description of all available experimental data.
